ABSTRACT.2014 This paper aims towards a presentation of the general structure of the phenomenological models presently used for the macroscopic description of metal plasticity and a discussion of their interaction with microstructural investigation. Attention is concentrated on internal variables modelization which, from the very beginning, must include some ideas about the microstructural material state. After a presentation of the basic mechanical and thermodynamical framework, the classical models will be described through the usual internal variables, the associated thermodynamic forces and the microstructural features they are supposed to take into account. Some approaches will then be presented to give a deeper microstructural content to these models. A distinction will be made between micromechanical approaches and qualitative use of microstructural informations. This methodological discussion will be illustrated by some recent works and models, and concluded by some examples showing the necessity to combine these two approaches. The concept of internal stress will also be discussed. As a conclusion the need for an increasing interaction between the mechanics and physics of materials will be advocated.
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Revue Phys. Appl. 23 (1988) [3] , [1] where y is the volumic free energy and q the heat flux. The (11) and (12) then results in the usual standard plastic or viscoplastic flow rule which obviously is a special case of (15) .
In fact, the generalized standard formulation has been postulated as a generalization of (18) to all kinds of internal variables. [7] .
An important special case is the rigid plastic approximation which neglects the elastic deformation te. In this case, c = EP, and (15) [12] and for the interaction of dislocation motion with obstacles [13] . Periodic [4] . The microscopic underlying structure clearly is the micro-plastic heterogeneities which exist at two levels between the grains and inside each grain. The first level can be analysed through any polycrystalline model [14] , but this is not enough because a similar behaviour is obtained on single crystals [15] . The second level implies the homogenization of an heterogeneous plastic material with homogeneous elasticity. The periodic homogenization described above could be used, but it would be an enormous numerical task, and its results are easily guessed : it is well known that plastic homogenization introduces an infinite spectrum of internal variables [10] .
A crude but significant model can be obtained by using Voigt's homogenization technique, i.e. by assuming a uniform total strain. It is then easily shown [16] [17] . The resulting stiffness spectrum g"(e) is related to the microscopic structure and heterogeneities. The evolution of this stiffness spectrum and of the hysteresis loop therefore reflects the evolution of the microstructure and for instance the development of dislocation cells. An evolutive Masing model may be used as a macroscopic model for cyclic hardening and other memory effects [17] . Within this context, the kinematic hardening variable appears as a discretization of the continuous spectrum of internal variables. In the same way, the multi-layer models which are often used [18] The typical experimental result for the evolution of E during the material lifetime is depicted in Fig.2 [28] .
From an experimental point of view, this internal stress is often "measured" in a dip test experiment, which consists in partial unloading followed by creep. The internal stress is obtained when the initial creep rate vanishes (Fig.4) 
